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Description 

[0001] The present invention relates in general to 
techniques for driving an electronically switched electric 
motor. In particular the invention relates to a synchro- 
nizing circuit of the phase switchings in a open loop or 
closed loop functioning mode, using predefined signals 
digitally stored in a nonvolatile read only memory. 
[0002] Recently, a new driving technique has been 
developed for motors electronically switched according 
to a preestablished profile, typically sinusoidal, digitized 
and stored in a ROM memory in the form of an N number 
of samples. 

[0003] A driving current or voltage coherent with such 
a predefined profile is forced into each respective phase 
windings of a motor in synchronism with the rotor posi- 
tion, which may be detected by way of dedicated sen- 
sors or, as generally done, by sensing the zero cross 
instant of back-electromotive-forces induced on the 
phase windings of the motor. 
[0004] Usually, this synchronizing function is carried 
out by measuring the interval of time (period) between 
two successive zero crossings of the back-elect romo- 
tive-forces signal or signals, and by using a frequency 
multiplier (e.g. a clock signal divider) to drive the pointer 
of the digital sample of the predefined and stored profile, 
represented by the N digital samples stored in the ROM 
memory, synchronizing the phase switchings with this 
Instantaneous value of the period between two succes- 
sive zero crossings. 

[0005] An entirely digital driving system of this kind is 
described in the prior European patent application EP 
0809349, while dedicated reconstruction systems of 
back-electromotive-forces signals to synchronize the 
driving of sensoriess motors are described in the prior 
European patent applications EP 0822649 and EP 
0782268, by the same applicant. 
[0006] These entirely digital driving systems, may be 
alternatively commanded to operate in a closed loop 
mode or in an open loop mode of the synchronization 
control, during which the switching frequency may be 
imposed by writing in a dedicated register a certain fre- 
quency datum for driving the phase switching to corre- 
spond to N times the desired rotation speed. 
[0007] When the system is commanded to function 
again in a closed loop mode, for example during accel- 
erations or decelerations from a steady state speed, a 
command is sent to ensure that the synchronizing sys- 
tem uses for the successive phase switching the time 
period between a forced synchronization signal, that is 
of a pseudo zero crossing, and the pulse of the first real 
zero crossing, the successive scanning periods will ob- 
viously use the time interval lapsing between two suc- 
cessive real zero crossings, according to a normal 
closed loop mode of synchronization. 
[0008] The ability to switch from an open loop and a 
closed loop mode of operation is implemented in the 
known systems by way of a relatively complex circuitry. 



in the prior art document US 5223772 for example, the 
synchronisation of the output of an internally-driven 
VCO to an exterior clock signal is obtained by using the 
exterior clock signal to restart the VCO at every exterior 
s clock pulse, until the preset VCO frequency is reached. 
At that point, the restarting of the VCO ceases, and the 
VCO locks onto the Internal signal it is designed to track. 
Moreover in systems functioning in a voltage mode it is 
necessary to employ special means for introducing a 
10 certain phase shift for compensating for the phase angle 
existing between the drive current flowing in the wind- 
ings and the voltage applied thereto. 
[0009] ft has now been found and constitutes the ob- 
ject of the present invention a synchronizing circuit par- 
is ticularty simple and switchable from a closed loop made 
to an open loop functioning mode and viceversa, in a 
perfectly reliable manner, by simply adding a minimum 
number of elements to a normal closed loop synchro- 
nizing circuit. 

20 fpoio] Moreover, the circuit of the invention may, by 
adding only one programmable register, introduce a cer- 
tain phase shift between the predefined driving wave- 
form profile and the back-electromotive-force waveform 
induced in the phase windings, that is in respect to the 

25 zero crossing instants of the back-electromotive-force 
in order to optimize torque characteristics and efficiency 
yield during a closed loop functioning phases of the syn- 
chronization system. 

[001 1 ] The circuit of the invention is defined in the an- 
30 nexed claim 1 while a preferred embodiment of the cir- 
cuit of the Invention is defined in the dependent claim. 
[0012] The architecture, the functioning and the ad- 
vantages of the circuit of the invention will be better Il- 
lustrated by referring to an embodiment shown in the 
35 annexed drawings, wherein: 

Figure 1 shows the diagram of a common closed 
loop synchronizing circuit, according to the prior art; 

40 Figure 2 shows the diagram of a synchronizing cir- 
cuit of the invention according to a preferred em- 
bodiment 

[0013] By referring to the figures, given a certain N 
45 number of samples representing the driving profile, the 
scanning frequency (fscan) of the profile defined by the 
sequence of the N digitaJ samples stored in a ROM 
memory must be substantially synchronized in respect 
to the rotation speed of the motor in a manner that: 

50 

fscan = N* fc 

wherein 

55 

60 
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where P is the number of poles of the motor and RPM 
is the number of revolutions per minute. 
[0014] In a digital driving system wherein there exists 
a system or master dock signal ck of a higher frequency 
than fscan, the circuit with which the necessary frequen- 
cy multiplication to generate a pointer S, of a certain dig- 
ital sample of the driving profile stored in a dedicated 
memory is effected, in synchronism with a signal of zero 
crossing ZCR, continuously sensed by dedicated sen- 
sors or extracted from reconstructed the back-electro- 
motive-force induced in the stator windings by the rotor's 
rotation, is shown in Fig. 1. 

[001 5] The system clock signal ck drives the counter 
CONTSCAN and, through a divider by N, DIVN, it drives 
the counter CONTUP. 

[001 6] Upon the incoming of a (zero-cross) ZCR syn- 
chronizing pulse, the register REG A stores the datum 
contained in the counter CONTUP, which with the suc- 
cessive clock pulse ck resets itself and start again the 
counting until the successive ZCR. 
[0017] The comparator compares the content of 
CONTSCAN, fed at the input B of the comparator, with 
the datum contained in the register REG A fed to the 
input A of the comparator and when these two data are 
equal, the comparator resets the counter CONTSCAN 
via a CLEAR command and generates a phase switch- 
ing pulse fscan. 

[0016] The fscan pulses increment the counter 
CONTN whose output datum S represents the value of 
the pointer to the ROM memory where the N samples 
are stored. 

[001 9] To generate a pulse of forced synchronization 
for operating in a open loop mode, and to thus provide 
for the possibility of switching between the open loop 
and closed loop functioning modes, as well as to allow 
optionally the programming of a certain phase shift of 
the driving (phase switchings) in respect to the real syn- 
chronizing pulses when functioning in a closed loop 
mode and in a voltage mode, the basic synchronizing 
circuit depicted in Fig. 1 is modified, according to the 
present invention, as shown in Ftg. 2. 

OPEN LOOP MODE OPERATION 

[0020] When functioning in open loop mode, a certain 
value of the frequency of scan of the samples of the driv- 
ing profile, predefined and permanently stored in the 
ROM memory, is programmable in the REG FT register. 
In these conditions of operation the signal CLOSE is at 
a certain logic value, for example °0° t so as to reset the 
CONTUP counter which is used during closed loop op- 
eration. The demultiplexer from 1 to 2, (1*2) DEMUX, 
and the multiplexer from 2 to 1 , (2*1) MUX, when the 
switching signal CLOSE=0, connect the output of the 
REG FT register to the input of the register REG A and 
therefore to the correspondent input A of the compara- 
tor. 

[0021] Therefore in this mode of operation, the com- 



parator compares the content of the programming reg- 
ister REG FT with the output of the counter CONTSCAN 
generating the fscan pulses. 

[0022] The counter CONTN advances at each fscan 
s pulse, counting from 0 to N-1 . 

[0023] Each time the counter N reaches N-1 , It gen- 
erates a signal WN which Is fed to the circuit MSF 
FALSE. 

[0024] The circuit MSF FALSE generates a forced 
10 synchronizing pulse ZCF that loads any new value pro- 
grammed in the REG FT in the register REG A and so 
forth, so that, during open loop functioning, the profiles 
are scanned in synchronism with the forced ZCF syn- 
chronizing pulses. 

15 

SWITCHING FROM OPEN LOOP TO CLOSED LOOP 
MODE 

[0025] The switching of the driving system from an 
20 open loop to a closed loop mode of the operation of syn- 
chronization control maybe commanded by a logic com- 
mand WAC sent to the circuit MSF FALSE. 
[0026] Atthe instantthe circuit MSF FALSE generates 
a new forced ZCF synchronizing pulse ZCF, if the logic 
25 command WAC is active, it sets the signal CLOSE to 
V, thus removing the reset from the counter CONTUP, 
which starts to count measuring the interval of time be- 
tween the forced ZCF synchronizing pulse and the next 
real ZCR synchronizing pulse. 
30 [0027] The signal CLOSE=1 also couples, via the DE- 
MUX demultiplexer, the output of the programming reg- 
ister REG FT to the input of the CONTSCAN counter 
and, through the multiplier MUX, the output of CONTUP 
to the input of the REG A register and sets ZCRF=ZCR. 

35 

CLOSED LOOP MODE OPERATION 

[0028] Upon the incoming of a real synchronizing 
pulse ZCR, the content of the counter CONTUP is load- 
40 ed in the register REG A, thus generating the fscan puls- 
es between two successive ZCR pulses, similarly to 
what illustrated in relation to the basic scheme of figure 1 

PROGRAMMING OF A CERTAIN PHASE SHIFT 

45 

[0029] The circuit of the invention lends itself also to 
the programming of a certain phase shift of the switch- 
ings of the winding of the motor in relation to the real 
synchronizing pulses ZCR. This becomes necessary or 

so useful in the case of driving the windings of the motor in 
a voltage mode, for compensating for the phase differ- 
ence between the driving voltage applied to their termi- 
nals and the current actually flowing through the wind- 
ings (which generates the torque). 

55 [0030] This function may be easily implemented by 
simply adding a second programmable register REG T 
A certain phase anticipation maybe programmed by the 
use of the two registers REG T and REG FT. 
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[0031] A gross phase shift value is programmable in 
the REG T register, by which it is defined from which 
sample of the N samples that represent the p reestab- 
lished profile stored in the ROM should start the count- 
ing of the counter CONTN, with which it forms a "cyclic 
counter*, resettable to T (that Is, counting from T to N- 
1 toT-1). 

[0032] To this gross value of phase shift is added a 
dynamic phase shift value (fine) settable through the 
REG FT register, which determines the starting instant 
of the counter CONTSCAN within the phase interval of 
the Tth sample. 

[0033] Upon the incoming of a new real synchronizing 
pulse (ZCR), the counter CONTN is reset to a pro- 
grammed value contained in the programming register 
REG FT. 

[0034] The circuit of the Invention allows for the im- 
plementation of these important functions with a mini- 
mum number of components. The precision of the sys- 
tem may be easily fixed by the parameters N and the 
sizes of the counters and of the registers employed. 
[0035] Advantageously, the same programming reg- 
ister REG FT may be used for different functions during 
both open loop operation functioning and closed loop 
operation; in the latter case, for establishing, in conjunc- 
tion with the other programmable register REG T (spe- 
cifically included added forthis purpose), a programma- 
ble phase shift, with great precision. 



Claims 

1 . A synchronizing circuit of the phase switchings of a 
multiphase brushless motor, according to a profile 
stored in a nonvolatile manner in the form of an N 
number of digital samples, selectively switchable in 
a open loop or closed loop mode of operation, com- 
prising a frequency multiplier (DIVN) of a master 
clock signal (Ck) outputting a derived clock signal 
(Ck/N) whose period is divided by an N factor, a first 
resettable count-up counter (CONTUP) fed with 
said derived clock signal (Ck/N), a first register 
(REG A) storing the output of said first counter 
(CONTUP) upon the arrival of a synchronizing 
pulse (ZCR) produced by sensing means of the in- 
stantaneous position of the motor rotor onto its reset 
input, a comparator (COMPARATOR) comparing 
the output of said first register (REG A) with the con- 
tent of a second resettable counter (CONTSCAN) 
fed with said master clock signal (ck) and generat- 
ing a reset pulse of said second counter (CONTS- 
CAN) when the compared information is equal and 
an incrementing pulse (fscan) for a third counter 
(CONTN), whose output points one of said stored 
N samples, characterized in that it also comprises 

a programming register (REG FT) storing a cer- 
tain programmed datum; 



a multiplexer 2*1 (MUX) and a demultiplexer 
1*2 (DEMUX) functionally connected to couple 
the output of said programming register (REG 
FT) to the input of said first register (REG A) in 
5 alternative to the output of said first counter 

(CONTUP); 

a circuit (MSF FALSE) enabled by a logic com- 
mand (WAC) generating a forced synchroniz- 

10 ing pulse (ZCF) when receiving a (WN) pulse 

from said third counter (CONTN) when it reach- 
es the value N-1 , said forced synchronizing 
pulse (ZCF) commanding the loading of the da- 
tum contained in said programming register 

is (REG FT) in said first register (REG A) during 

open loop operation, and a resetting signal 
(CLOSE) of said first counter (CONTUP) and 
selecting signal of said multiplexer and demul- 
tiplexer (MUX, DEMUX). 

20 

2. The synchronizing circuit according to claim 1 fur- 
ther comprising a second programming register 
(REG T) resetting said third counter (CONTN) to a 
certain value T corresponding to the sample of 
25 among said N samples from which said counter 
starts counting during operation in closed loop 
mode and the second programmable counter 
(CONTSCAN) to the programmed value contained 
in said first programming register (REG FT). 

30 

PatentansprOche 

1. Schaltung zum Synchronisleren der Phasenum- 

35 schaltvorgange eines burstenlosen Mehrphasen- 
motors in Ubereinstimmung mit einem Profil, das in 
Form einer Anzahl N digitaier Abtastwerte nicht- 
fluchtig gespeichert ist, die wahiweise zwischen ei- 
ner Betriebsart mit offener Schlelfe Oder einer Be- 

40 triebsart mit geschlossener Schlelfe umgeschaltet 
werden kann und versehen ist mit einem Frequenz- 
vervietfacher (DIVN) fur einen Haupt-Taktsignal 
(Ck), der ein abgeleltetesTaktsignal (Ck/N) ausgibt, 
dessen Perlode durch einen Faktor N geteilt ist, ei- 

<5 nem ersten rOcksetzbaren Aufwartszahler (CONT- 
UP), dermitdem abgeleitetenTaktsignal (Ck/N) ge- 
speist wird, einem ersten Register (REG A), das 
das Ausgangssignal des ersten Zahlers (CONTUP) 
speichert, wenn an dessen Rucksetzeingang ein 

so Synchronisationslmpuls (ZCR), der durch Mittel fur 
die Erfassung der momentanen Position des Motor- 
Rotors erzeugt wird, ankommt, einem Komparator 
(COMPARATOR), der das Ausgangssignal des er- 
sten Registers (REG A) mit dem Inhalt eines zwei- 

55 ten rucksetzbaren Zahlers (CONTSCAN), der mit 
dem Haupt-Taktsignal (Ck) gespeist wind, vergleicht 
und einen RQcksetzimpuls fur den zweiten Zahler 
(CONTSCAN) erzeugt, wenn die vergiichenen In- 
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fomnationen gleich sind, und einen Inkrementierim- 
puls (fscan) fur einen dritten Zahler (CONTN) er- 
zeugt, dessen Ausgangssignal auf einen der ge- 
speicherten N Abtastwerte zeigt, dadurch gekenn- 
zelchnet, daB sie auBerdem umfaBt: s 

ein Programmierungsregister (REG FT), das 
eine bestlmmte programmierte Dateneinheit 
speichert ; 

10 

einen 2*1 -Multiplexer (MUX) und einen 1 ^-De- 
multiplexer (DEMUX), die funktional so ange- 
schlossen sind, daB sie abwechselnd den Aus- 
gangdes Programmierungsregisters (REG FT) 
oder den Ausgang des ersten Zahlere (CONT- « 
UP) mlt dem Eingang des ersten Registers 
(REG A) koppeln; 



cementation reinitialisable (CONTUP) pilots par le 
signal d'horioge derive (Ck/N), un premier registre 
(REG A) memorisant la sortie du premier compteur 
(CONTUP) lors de P apparition d'une impulsion de 
synchronisation (ZCR) produite par des moyens de 
detection de ia position instantan§e du rotor du mo- 
teur sur son entree de reinitialisation, un compara- 
teur (COMPARATOR) comparant la sortie du pre- 
mier registre (REG A) au contenu d'un second 
compteur r6inttialisable (CONTSCAN) recevant le 
signal d'horioge maitre (ck) et produisant une im- 
pulsion de reinitialisation du second compteur 
(CONTSCAN) quand les informations compar6es 
sont egales et une impulsion cfincrementation (fs- 
can) pour un trolsieme compteur (CONTN), dont la 
sortie indique run des N echantillons memorises, 
caracterise en ce qu'il comprend en outre : 



eine Schaltung (MSF FALSE), die durch einen 
Logikbefehl (WAC) freigegeben wird und einen so 
erzwungenen Synchronisationsimpuls (ZCF) 
erzeugt, wenn sie von dem dritten Zahler 
(CONTN) einen Impuls (WN) empffingt, wenn 
dieser den Wert N - 1 erreicht, wobei der er- 
zwungene Synchronisationsimpuls (ZCF) das 25 
Laden der in dem Programmierungsregister 
(REG FT) enthaltenen Dateneinheit in das er- 
ste Register (REG A) wahrend des Betriebs mit 
offener Schleife befiehlt, und einen ROcksetz- 
signal (CLOSE) fur den ersten Zfihler (CONT- 30 
UP) und ein Auswahlsignal fOr den Multiplexer 
und den Demultiplexer (MUX, DEMUX) er- 
zeugt. 

2. Synchronisationsschaltung nach Anspruch 1, die 3s 
femer ein zweites Programmierungsregister (REG 
T) umfaBt, das den dritten Z&hler (CONTN) auf ei- 
nen bestimmten Wert T zurucksetzt, der demjeni- 
gen der N Abtastwerte entspricht, bei dem der Zih- 
ler w§hrend des Betriebs mit geschlossener Schlei- 
fe zu zahlen beginnt, und den zweiten program- 
mierbaren Zahler (CONTSCAN) auf den program- 2. 
mierten Wert, der in dem ersten Programmierungs- 
register (REG FT) enthaften 1st, zurflcksetzt 



Revendicatlons 

1. Circuit de synchronisation des commutations de 
phase (fun moteur polyphase sans collecteur, selon so 
un profil memorise defa$on non volatile sous la for- 
me cfun nombre N (fechantillons num6riques, corn- 
mutable seiectivement dans un mode de fonction- 
nement en boucie ouverte ou en boucle fermee, 
comprenant un multiplieur de frequence (DIVN) ss 
d'un signal d'horioge maltre (CK) g6nerant en sortie 
un signal d'horioge derive (Ck/N) dont la periode est 
divisee par un facteur N, un premier compteur d'in- 



un registre de programmation (REG FT) m6- 
moiisant une certaine donnee programmee ; 
un multiplexer 2*1 (MUX) et un demuitiplexeur 
1*2 (DEMUX) connectes fonctionnellement de 
fapon & coupler la sortie du registre de pro- 
grammation (REG FT) k I'entree, du premier re- 
gistre (REG A) au lieu de ta sortie du premier 
compteur (CONTUP) ; 

un circuit (MSF FALSE) valide par une com- 
mande logique (WAC) gen6rant une impulsion 
de synchronisation forcee (ZCF) quand il revolt 
une impulsion (WN) du troisierne compteur 
(CONTN) quand II attelnt la valeur N-1 , I'impul- 
sion de synchronisation forcee (ZCF) comman- 
dant le chargement de la donnee contenue 
dans le registre de programmation (REG FT) 
dans le premier registre (REG A) durant le fonc- 
tionnement en boucle ouverte, et un signal 
(CLOSE) de reinitialisation du premier comp- 
teur (CONTUP) et de selection du signal du 
multiplexeur et du demuitiplexeur (MUX, DE- 
MUX). 

Circuit de synchronisation selon la revendication 1 , 
comprenant en outre un second registre de pro- 
grammation (REG T) reinitialisant le troisierne 
compteur (CONTN) k u ne certaine valeur T corres- 
pondent k celui des N echantillons k partir duquel 
le compteur commence k compter durant le fonc- 
tionnement dans le mode en boucle fermee et rei- 
nitialisant le second compteur programmable 
(CONTSCAN) k la valeur programm6e contenue 
dans le premier registre de programmation (REG 
FT). 
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